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Ground tJater in Bedrock

in
Big Cottonwood Canyon

and adjacent watersheds
central. Wasatch Mountains , Utah

Ground water: nefens to all water, present beneath the sur-fece oT:J-rffi'. . rt is tit. 
"ii."-.ncounte red by shall0w "dug,,vrells_or deeper 'rdnilled" $rells or the water that enters caves,tunnel-s and othe' underground mine wonkings, th; ."iiii":..icpenings pnoviding ready avenues of escapE fon the waten con-tar.ned tn the rocks. of the eanthrs crust. Ground water, likesurface waterr has its urtinate source-in p"".ipit"ti."] tifri.rtirr utah comes nainr-y from snowfalr i"-tit" hrlnte' months. Gent rc -

;:ii:I :iil:l,.tl.ugh infrequent, ar.e also benefi.i"i, -uut ;;;"-",''rlasn r100ds" Dnoduced by the "cl0udbur-strt type thunderstorm ofthe hot-summer rironths are- ha'nful_ "uifr"" than helpfuI and arewho11y ineffective in adding to th;-;;;;nd_r"raten ;;ppfv.- -.'

Preni ni r-: r-.i ^- i. r.euryr!elrvrr rlt Utah is closely contnoll_ed by the topogrephy,particularlv bv the height or tire-neii"i r..tur"s l'*""it"ii" u"ohigh plateals let the most, desent valleys, the 1east. Ttre wesr-facing slopes or tne nountiin "."!""-<in this r^egion usuallv
ll:^:i19":"d.side) _get much ,no". ibund."t po""ipii.li."-iiji tn"opposlte or. leewand side. The pregipitati;n .l;" i";;;";;;"
?:::::li:l1l"1y^"ill increasing-aliiiuae up to an elevation ofdpproxlmater-y r.0 ,000 feet, above qrhich the rate of inc""uJ" ar,.'.r,*off .nankedlv. rhat portion of the iot"i-'p"ffii€ti:i##1;:;'"to the atnosDhere bv evaponation and t"i"ipi"iiion-lJi""Ji""-'r"scil mantle 6verlying th; be dn;ak -iooo,-ii 

or.," . And onlv that vrdre'1n excess of the capacity of the soil to ""i"i"-'i.i";'rr;"i;u ltffiETETv tnans f e rni d a"i'"*a"J-'ly- Jrl"i iv- i,"' i""tnJ 
r 

u,i ;;;"k.
Ponositv and perBeqbilltv: The presence of walsp undergr.ound

::-::rc ou-.t"-i.r!.ee of porositv andpermeabititv of the rock-f66ETi"i-r= u"a""i"i"e-ih5"rlli"i 31"r.""in the wate-nsheds. .:g_.+4-;;-;;";;;olg?"v openings that nayexist in the rcck 'f ormaEi6-ns suth as: beddin! pi..,""-ini"Fia"tur.s,and soLution channels in such "of"Uie rlcks as linestones. If
:l:-l::k:, are fine-grained, 

"o*p."t,-"nJ po""""" a homogeneous
::"1.y",. the. ponosity and perme"iir:.iy ane generally quite 1ow;rn such rocks the amount of water pr6sent rnd its iot"r.ntt-rrc-rend upon the chanacter and abuniance of the =u"o.,a .r.=""oropr':nings referred to asr bedding pi"n.", rractures, -"ii*Iirrtior.,
channe ls .

Rock Formati.ons _p-re?er-rt: _ In the central t{rasatch l{ountainstfre r@f a senies of steeply incl,ined meta_norphic and sedimentarv. beds int"-"r,i.r., 
"ori.n 

-i,"lr-iiii"iJpur"
below was injected and- intruciea ;"4 il; suDsequently solidified.The_ metamorphic nocks.are quartzites and a"g' ii'l.s, o; 

-i;;; - 
i,"._cambrian age; the sedinentary strata "". rif;"" i""u" , 

-"r.,li"i 
,' .r,o
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quantzitic sandstones, r'angi:rg in age fron Cambrian to Jurassic.Both the netamor.ohic and sedi-r,lentany r,ocks ane fine-grained
and 4ense and hence their. porosity is 1ow to nor Th.iqne6Effiocks occun as siris, dikls, ai?i-T@T;dG--p.ted
" stocks'r , and they, too, are dense , cotn:)act , hono6Erieous l1rassesof rock and lack Itfornation ?orosiiyt'.

Thus it will be seen that the presence of under.ground waterin the bedr,ock in the watenshed wili depend uion fac{ons otherth.in the oonosity and rermeability of tire rocis which ane sol-or'l as to be of litt1e inportance.

. Secondany 0penings in Bedrock: As indicated i.n the fore_
.soine discus.sffiormation porosity" i" in"
??gTo"f.l-eaves only the secondary openings to guide-the in_rlJ.tratlng water further. downward ir: it" ^an,..f r.:+i'^n ^f +r-^ l.^r

Bedding Planesj Contr:anv to popular belief, it has beenshown in numenous Tnvestigations iir ine Big cct t6nr.rooJ-w.rie.sr,e ethat bedding pJ.anes, which divide the sediient.oy "o"L" ini"sepa'ate layensr exert but little controL over ti-re ao"ntuuoi 
^or,"-T?ll ?f ground Lrater; this is esoecially true where the rocks .:.re

:.11:9 :t ::":q.angles. \^rhen a series or soria "o.r-iiu."J'o""l19xed by. "fol.ding'r a slippage inevitably occur.s between theaolacent Dedsr -as may be neadily illustr.ated b'.' flexins a oackor praylrg cards. Each layer of nock moves forivard al-6nq ihesurface of the undenrying 1ayen. The resurt or ir.,i" -r"l,iui'
^.brasion by the tr,ro rock-'suriaces in contact ."rith .actr oi}r" r: i"to Droduce a thin seao. of nock f l.our or 'gouqe. tf.rui 

-.o"i" -in.
bedding planes. rn.impune linrestones, sf6w iuupug" 

-oi-""lr"a
rvater along the beddinq planes nay dissolve u r6"iio"-of i;;lirnestone fnon the two-blds along thein nutuar contact, leavinga thin, insoluble nesidue of c1ay, silica, and often ir;on oxide,which acts 1i.ke a putty. selvaqe iinawictrea in betlreen the throrock sur.faces, t,ttiln-noist tfris ciay-f ike ,,gouqe" swe1ls involurne and effectively sear.s the beiding plinei uguirr"i-th; r"""movenent of gnound wateil--Except hrhere virti car ,'irr" 

-u.iling
l.1i:?":. :le !ightlv^pressed together by the stati6 u,"iqi,i-Ji''t},.ovel'rrvl-ng rxasses of rock. This dorvnw .d rock pr""""ro. ir,"o..=""propontionately q'ith increasing depth beneath the earthr s surface.In deeo mines the r.ock pnessun6 rnaices costly timberine'u""!iti.fto keeD the nine wor:ki;rgs. open. Fron the i;r;;;i;l-;i"liJJior,it should be evj.dent wl! Uebaine ofanesl 1n qeneral, exertLj.ttLe cont!.ol oven the dor,rnwarj *ovu*eit of snound',^,ui.o.

The correctness of the foregoinq analvsis is furthenattested bv an entir.ely independent line oi eviAence, 
-na*efv 

'rorecord of strearn f rov-r in- Big cottonwood creek be.cvreen ti,. - pli,""rr"ugagirg station, about half iray up the eanyon, and the o"."..,""..rif"at the nouth of the canyon. ihnbughout trris'eniir'e ai"i"il" tn"
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strea!'il ct osses rock formations vrhose bedding planes dip upstream.
In this reach of the stneam, if bedding planes actually guided
the direction of movenent of g:round water--as is popularly supposed
-- then the stream flow shoulC decnease rathen than increase
where its channel crosses such ElT6tA-structure. ThETIEfi-is
fnequently nrade that rocks dipping upstr4ean tend to divent
gr.ound \*rater to adj acent r^rater.sheds whene the stneans f low in
the dinection of the dip of the beds. After August first, the
slrow-ne1t ::unoff has passed and the only water in the strearn
clrannel is gnound r^rater contributed by seeps and springs fnorn
the adjacent rrleakytt bedr,ock. The actual neasunements of strean
flow under these conditions show that the voLume has pr.actically
CoubLed at the mouth of the canyon over the f lor,i measuned at
the Ar"genta gaging station, The stnearn, therefor"e, has been
incre+:ing nather than decreasing in that r"each whe!.e the rock
lorlnatrons dip upstrearn and the reconds denonstrate that the
cr"eek actually receives large contr,ibutions of gnound water fnonthe rock stt:uctune. Thus, by i ncontnoventible ind independent
evidence, the bedding planes can be nuled out as irnDortant con-
veyors of ground waten in bednock!

Fnactures ' Rock Joints: 0f the two rernaining types of---Secondary oDenlngs in nocks, fnactuu.es and solution channeLs.
extensj.ve studies in the Big e68ffi6?d watFSfiEfrcve EE-!-ist
for"ty years have cleanly demonstrated that the fnactunes thlr
abundantly transect alL of the rocks in the wat6dfi,&fEins eon-
sidered ane by fan the most important facton contnollins tf,e
accurnulation and novenent-EFTfr@F6und waten in bedrock. rnthe order of thein nelative inpontance as aquifens. those olane-like fractures cal lc*jg!3!g rani< first, especiaLly ihose thi.ough-going fr"actures :re feiEfTo-E-'iffi6 joints." - Fissunes, an-
other cl-ass of rock fr:actur.es, r"ank second.

The joints present in the bedr:ock in the Bie Cottonwood r,rater.-
shed are quite complex, as iLlustrated in Figune-1, accornpanyingthis :report. ThOse 'iaint< fh,r- :h6 r.:'.r]Ie1 constitute a- uioint
sct lrr a I' j oint =y=t";;-;;;'"iJu.*ii'o';;-;;;; j;i;;-;;;;.- J3inti'ere)resents one type of nock failure under stresses induced by
"1clding" or t'faulting" in essentially soIid, brittle rocks.

fn the deformation of the nocks in the Big Cottonvrood dis-trict the eanliest forrned joints cf rnaj or. irnpontance $rere Dro-bably a aoFIElE of steeply-incl-ined- I'striice j oints ,'r neiulting
fr"om neLati.veiy sinple honizontal cornpressionr (see (a), Figune 1).
The sheaning stresses set up by sli.ppaee betvreen the rodk lj'a,.c
duning foldfng 1ike1y pnoduied-a seibn,t p"i" .i--:.i"t-"Jl"l-i""-
set cnossing the beds at a steep lftq tne ottren being paiallel
with the bedding (Fiqur.e 1(b)). Thus a third set of ,istrike',
joints and an inconspicuous set of bedding joints wer.e added tothe eanlien for"ned joints in the nock nass. Subsequent secondar:y
foldinq, bending, and torsion or twisting have arrparently added
a double set of near"ly ventical di_orr j oints n which c!"oss the beds
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ii-i:iiiF: 3t5i;."rii :;,:* ffti'ti:'i:"3'olliii"t:"ii:: ""."
i::il:. "il:"Titix iiit.,illFl,l:y'i:,itii':ilij{fi; i#:.;":1,;,"v':'tical "dip" join.t", .on"iiiii. tiJ'najor. fnactur.es in the r.ock?;;'.;3o.::ili,ii, ll".m'*l**' jl*inn,' li';lii'ioilg systen,,,

. .. Fissures: O 
,,t"Ig": _ 

af nouqh_going naster joint where the tvrorvdr.rs are..sepanated by an intenu"ii"n"

:5:ri:" ij ;rfi *p:i==::i;;iit$ 
:'iH:.; j::: i:*:il.t" drii" :l;i-:r::y"" nay be oceupied,.by i;ioo;;;"

lTr::ii ?;::l:::'0:"i:.r"r-io-i;;"#;=e 
vern natten, on ir there

*us r,e I'"f 
"r- g;.r,r,otl; ry;;;. tii:ilii:"yltiliiilii f iili !i,

i#l;,lii, ri. :;i+::ruq=ll 
.. ;i;;i:"ditjrl:::i::ff:;fili3::,.-

;;;ii";i;J ";:"';.;;'i*'.iilf ili; " r"ffP';:";iS"i!: ;;Fi.if,i.' ii."
plain fissunes

T:lt er e;";;;-;;;:."i; ;::;:.iT'.Fjiil g-f111erwavs ror the rnove-
impontance as undergr.ou"a l""ii.o"';;'.i llssunes ane of maior
sunf aces of ten intei"i rl_"Ii"i, i:;i_ :...::i:, - 

r on thei r:. souse_ coate d

i-:*i,li,:iii,sr:il +;-+1*5";ri..*i*=ii$ff iil"":;:::i,:i,;';i:;:,i""*' A thick q;;";-
:.oru. rn iucn ".="i-ii:"i"*";xlli;i"i:i:liii:iilx'"fn:niil",""o:?",i;ii; :il.l:i'iag-i;*;" ;i::*i:".:l,i::if:iii:: :=*1.;f" "1,::
tu'e .'' r'rnere raurl" 

",rt ri'u"i"'""".ia"i::il:ii:"";"r"iiiii"".i""-
fi:tii i;"j"iil:0,:ts"Hi;".*:;*l;#ii:ff"#:" 

:ii"*jii,.,, *.._
These genenal condi tions 

. c ont noLLing the movenent of l:rourdIij" il.rtl"oig:::l.i::r^lurl _ " 
*r.,i u ii'"a "i.-ir," conf r de ncc t u,.,,,!:. or

i:i"?t9 c."vJ"-i,l"i-#ii!":::tf;i'{;,iil :}",::l:l ;:*. ;'#iE"&-
\^ras oDserved to enter the tunnei ;;;;ir"passes thnoush r:,nu"ton". 

""a'ioliu l1'ilil!"ii.tl:,:"ill"ii";:r";;"|[|.':il"l]"f"i.I*i:".*"ru"iLhi"l"o"."a i tJ""J"illiv-
An indicati"" 

"f.]]"I rapidly the wate! issuinp frorn a ni.ne

i::i*i:-;.=::i$ry s_ ry n!;*tir::i:i. ;1.;mtii*r 
: ;;*:s,, 

"iliiiiii:.':":l:,.:.";ii ;:"in:":::l*;.3"iru:.r,:"T, u;ii;""
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cl.ear and dr"y and the anount of water: flowing fnom the tunnel
overthe wein at the tunrrel portal rrd.s 0 r 0 74-cubic f eet Densecond. 0n Monday, october l?th, 1932, a heavy snow fell.
Tuesdayl the weathen cfeared and tur"ned warm, The Sunnvside
Tunnel, as the name impJ.ies, is dniven 700 feet into th6 northwall of the canyon. By Thursday, the 20th, the snow on the
south facing slopes had disapoeared and tha flow on the 20th
had increased to 0.25 cubiq feet per second, oven three times
the amount neasuned on ther-Eth of the month. That-Tf,? water
intercepted b)' the Sunnyside TunneL is entirely of surface
onigin is funthen indicated by the fact that the ground waten
r,ias obsenved to enten the tunnel only f nom the roof (ttback,r )
and waLls of the nine r"orkings and fnon the funthen fact that
neasurements carried on oven many year.s show a distinct fluctua-tion in r.esponse to the seasonal'vlriation in orecipitation.

Solution Channelst In soluble nocks sueh as limestone,gypffi-6FFo-6F-ila'Ifi fr.actures, espe cialt)' master j oi"is i aneoften enlanged into innegulan cavenns on tubular chinnels'r^rhichneadily convey gnound water through the r"ock body. Neither"
gylsun nor salt occuns in. the Big Cottonwood h'atersheci, butIi'nestones of marine origin are donrnon. The fo] i.ovring 'cirbonat e
rock- for.mations, in onden fnom oLdest to youngest, ar:6 pnesent
in the Big Cottcnwood and adjacent watersiredsi Mixfield
limestone. (1r000 feet^thick), Madison Linestone (450 feet thick),Deseret linestone (900^feet)j Doughnut formation (300 feet),
Mongan for"nation (300 feet), park City formation (600 feet),
.rnd the Thaynes forrnation (11000 feet).

^ In the previously nentioned Confidence tunnel a heavy flowof waten was observed to ente!' the dnift frorr a tubularsoluti.on channer on trwaten coursett about foun inches in dianeter.
Three or four similan eJater courses wene encountened in thesevenal undergnound wonkings of the Union Associated r,{ines
Company in the Madison linrestone of Lo!,re r, Mississioian aee.
Larqe caver.ns do not appear to have developed in tiris negion,oossibly due to smal} volumes of water: and inpeded cincufati6n.
Distnibution of Ground \^tater in Bedroek: Gr.ound waten in

excess of the VoLume nanrri r.'a.l +;- E;T;;l5s Soil water in thesoir manire ;p.;;-;;p;;;;;';; ii"i'io:""rer.red downr.rar.d by thefonce of gravity into the intricate factur"e systen in the- bed-r,ock. This 'rvadosert water', as it is ca]lecl, infilt:rates deeoer.
and- deeper" into the nock mass, guided by th6 pneviously des-cr,ibed rrsecondary'r openings such as joi.nts 

"ni fissunes. Airas well as qrater.' is present in the downwar"d rnovins rvadoserl
3$1 the amount of $rater being greatest followinfi EFEE
spning s nor^r nelt peniod and Least in faIl and vrinien. Fissu::es
encounter.ed in rnine wor"kings in the vadose zone ola zone of,fleration" may practically-dny up afterthe seasonal coninibu-tion of vadose waten has passed downwar.d to lower Levels.Eventually, unless antificially intenceoted, the vadose $rater.joins.the 'rzone of satryationrrr t,ihere all interconnected open-ings in ttrdTEn-6ZT'it-f-EEEEEven kind, are ful-1 of rvater:. 'This
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vlater is refer"r"ed to as ttground raratertt pltopen and its upler
surface is the ftwater tab1e.!t rn the zone of conplete iatunationthe gnound wate nEif-66!Te s the voids in the intenconnectedjoint and. fissune system and noves slowly downslope under.hydrostatic, Dressune to escape fnorn the tednoek ai seeps andspnings. l{he ne stream channils have been cut belohr th! watertable the bednock resenvoin leaks into the channels and thusnaintains a live surface_ stnearn during the late 

"ulrrr"o, iiii,and winten months. rf the strean chainels fail to p.n6triie tnet.:ater" tabLe , the streans go dry in late sunmer. and renrain s ountil the next spning snow-melt runoff.
rf nine dnain tunner-s enter the bedrock nesenvoir at sionifi-cantly lowen elevations than the cneek beds, the effect ir ;i;;--is to lower" the ireter tabre to such an extent that fonner spni.nosgo dry and strearn flows are greatly reduced on stopDed alto-s"tl,"r,_the water now dischar.ging at-Iorven- elevatior;; ih;-e;;i;-il;;;t;"pnoviding fneen-avenues of escape fon the gnound water fnon thebed::ock :"esenvoir. fn. other, wonds, the bainel, cracked ind f".ty,has been tapped near^ the bottom and the rvater 6urface is-ioweneato the extent that it no longer leaks frorn the cracks in iiretop of the banrel.

The distnibution and novement of gnound water in bedr:ock asoresented in the fonegoing discussion 5ne i]]ustritJa- in-iiJ,,-" r
acconpanying thi.s report.
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